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Abstract

Environmental aspects got in the focus of public notice since the presentation of the Stern
review on the economics of climate change and the recent U.N. climate report, . CO2

emissions are commonly recognized as the main originator of climatic change. Therefore
the attitude towards the use of fossil fuels undergoes a dramatic change. Since this takes
place mainly in developed countries which are importers of energy resources, this change
also affects the pattern of trade.

In this article we develop a two-staged model with M differentiated goods and N/2
imported fossil fuels as well as N/2 domestically produced regenerative energy resources
used as input factors. The factors can be classified by their CO2 emissions. Since each
good uses different factor intensities, goods can be classified as well. In the first period
there is no effect of pollution on preferences. Hence, each individual has an ideal variety
of goods which is independent of its caused emissions. Environmental harmful goods will
also be demanded. In the second period preferences increase in favor of cleaner goods due
to a higher distaste of pollution. This rise in turn is based on the revealed information on
the state of the environment. As we assume that clean energy resources tend to be more
expensive than fossil fuels there is a higher demand for fossil fuels in the first stage. After
the shift in preferences occurs, the home country is no longer able to satisfy its regenerative
energy needs. Therefore imports of fossil fuels will decline and imports of regenerative
energy resources will emerge. This can lead due to integration of LDCs to a decrease
in the price of the regenerative energy resource and therefore boost demand for the less
polluting good. According to this insight we give several (trade) policy recommendations.

Keywords: CO2 emissions, consumer preferences, oligopoly, trade in resources

JEL–classification: D43, F18, Q54, Q56
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1 Introduction

Pollution, especially CO2 emissions recently got more and more in the focus of a broad
part of society. Several more or less alarming studies dealing with economic, social and
environmental aspects were published. The media in developed countries focused on
the apocalyptic consequences of the current way of living and exhorts for sustainability.
Market prices of enterprises dealing with environmental technologies achieve all–time–
highs. On the other hand industrial sectors like the automobile sector in Europe get on
watch. Governments all over the world try to face this new spirit: The EU agreed on
the lowering of overall emissions by 20% till 2020. Australia decided to ban light bulbs
and substitute them with energy–saving lamps. Also the United States and the People’s
Republic of China plan to (re)act.

Since preferences of economic agents are changing, governments are supposed to act in
a way that corresponds with the attitude of its voting public. However, another situation
is also true: governments may influence the preference structure of their (myopic) people
to ensure their welfare in the long–run.1

To discuss the effects of changing preferences on average pollution, the resulting trade
pattern and the implications for policy we proceed as follows: Section 2 reviews the most
recent and important studies on emissions and its effects on climate change, namely the
Stern Review and the UN climate report. This gives some motivation, why consumer
preferences change. Section 3 then develops the model framework. It is divided in several
subsections, each focusing on a special aspect of the model. The first three subsections
concentrate on the development and the assumptions of the model whereas the last two
focus on the consequences of the changed preferences and the effects on trade pattern. In
section 4 we show examples of some negative actual developments resulting from changed
preferences and give some (trade) policy recommendations. Finally section 5 concludes.

2 Facts and Figures

Stern as well as the UN climate report predict severe consequences of global warming on
the growth and development of less developed and developed countries. The dimensions
of these effects are distributed unequally on both groups.

According to the UN climate report, there is already significant harm from climate
change, and further damage will certainly occur. However, there still is a sizable chance
to react in a way that creates economic opportunities that are greater than the occurring

1See e.g. the emergence of environmental parties in the mid–1980s and the change in politics as well as
in the public opinion.
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losses. But seizing this chance requires immediate action: On the one hand the degree
of climate change has to be bounded as good as possible, on the other hand huge efforts
have to be made in adapting to the unavoidable climate change to reduce the resulting
harm (UN, 2007, p. IX).

While temperature changes over the continents have been higher than the global aver-
age, the global–average surface temperature is now about 0.8◦C above its level in 1750.
Most of the increase occurred in the 20th century and the most rapid rise occurred since
1970. The climate change is mostly caused by an increase in the atmospheric CO2 concen-
tration. About 75% to 85% of this rise is due to the use of fossil fuels and about 15% to
25% is due to deforestation and other land–cover change (mainly in developing countries)
(UN, 2007, p. 10 ff). An overview of the annual, averaged emissions of CO2 by country
is given in figure 1.

Figure 1: The annual emissions of CO2 by country, averaged over the period 1950 to 2003,
in millions of tonnes of carbon per year (MtC/year).

Source: UN (2007), p. X

The key message of the Stern review is that on account of man–made global warming
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without taking action, average global temperature will rise by more than 2◦C2,3 by the
middle of this century, and hence “the overall costs and risks of climate change will be
equivalent to losing at least 5% of global GDP each year, now and forever” (Stern, 2006,
p. vi). A relatively small spending of 1% of global GDP may help avoiding the worst
impacts. However, this review was criticized by many economists (see e.g. Dunkel and
Kösters, 2007, p. 16). According the UN climate report there is a “tipping point”4 (UN,
2007, p. XI) in the rise of average temperatures which is about 2◦C to 2.5◦C. Hence this
frontier must not be trespassed. This goal can only be achieved, if there will be very rapid
successes in reducing emissions of CH4 and black soot worldwide. Furthermore it requires
that global CO2 emissions should not outrange their current account until 2015 or 2020.
This values have to decline to no more than a thrid of that level by 2100 (UN, 2007, p.
XI).

To summarize, global warming will lead to a loss of essential species, increased incidence
of flooding, forest and crop fires, climate–induced outbreaks of pests and diseases as well
as rising surface ozone. The damage caused by global warming depends crucially on the
increase of average temperature. A small increase of about 1 to 2◦C will have less—
but nonetheless harmful—serious consequences than an increase of about 4 to 5◦C. The
functional relationship of temperature increase to caused global damage is convex (Stern
2006, p. 55). An overview of the significant impacts of climate change is given in figure
2.

Higher average temperatures will lead to regional disruption, migration and conflicts.
On the one hand economic growth and development may exacerbate the impact of global
warming since many cities which attract economic activities are located in coastal areas
which are in danger of flooding. On the other hand growth can also reduce vulnerability
to climate change since it ensures nutrition, health care and helps to burden costs induced
by environmental disasters as well as to develop technologies to lower or even avoid such
calamities in the first place. However, due to raising sea levels, more frequent floods and
more intense droughts, it is suggested that 150 to 200 million people may migrate to other
regions. Migration will rise depending inversely on the amount of resources allocated to
mitigate negative impacts of global warming. Stern (2006, p. 109) estimates that by 2100
climate change can be made responsible for about 145 million additional people living
in poverty, i.e. on less than $2 a day. These low–income household—to make matters
worse—do face a higher risk of damages by extreme weather events since they are not able
to afford insurance or to make adequate preparations. The UN climate report accordingly

2All temperature changes are based on average temperature of the pre–industrial level.
3In the long run there is chance of 50% that global average temperature will increase by more than 5◦C
until the year 2100.

4Beyond this point there are expected to be intolerable impacts on human well–being.
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Figure 2: Significant impacts of climate change that will likely occur across the globe in
the 21st century.

Source: UN (2007), p. XI

states that there are win–win situations if the developing countries could achieve the UN
millennium development goals. A key role in this goals lies in the access to clean and
affordable energy supplies in developing countries. This access is very important for the
aim to reduce the CO2 and CH4 emissions whereby in turn the well–being in developed
countries can be sustained or even expanded (UN, 2007, p. XIII).

More recently research focuses on the elasticity of food production with respect to
temperature changes. According to Stern (2006, p. 67) agriculture currently accounts
for 24% of world output and employs 22% of the global population. Production of some
cereals like wheat or rice will increase for a low increase in temperature but after a medium
increase of 3 or 4◦C their output drops. However as droughts will intensify, the crop may
be reduced. Unfortunately this will mainly affect poorer, developing countries. Effects on
global production, however, appear to be broadly neutral since advantages in developed
countries outweigh disadvantages and hence production of cereals increases there (Parry
et al. 2005).

But not only the shortage of food harms developing countries, also health situation
in general deteriorates. According to this, Patz et al. (2005, p. 315) identify two main
climatic impacts on health: direct heat related mortality and morbidity and a climate–
mediated change in the incidence of infectious diseases. Under the terms of a recent study
by the WHO already several thousand mortalities in the year 2000 were attributable to
climate change as table 1 summarizes.

In relation to total annual deaths attributable to the considered diseases the climate
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Table 1: Estimated mortality (in 1,000) attributable to climate change in the year 2000,
by cause and region.

Region Malnutrition Diarrhea Malaria Floods CVD∗ All causes

African 17 13 23 0 2 55

Americas 0 1 0 1 1 3

Eastern Mediterranean 9 8 3 1 1 22

European 0 0 0 0 0 0

South-East Asia 52 23 0 0 8 82

Western Pacific 0 2 1 0 0 3

World 77 47 27 2 12 166

∗ Cardiovascular disease
Source: McMichael et al. 2004, p. 1606

change component is still quite small: Total annual deaths caused by malnutrition sums
up to 3.7 million, by diarrhea to 2.0 million and by malaria to 1.1 million. The climate
change components therefore are for all three diseases approximately 2 percent (Stern
2006, p. 75). However, as temperature will rise also deaths by malnutrition may increase.
Estimations show “that a climate–change–induced excess risk of the various health out-
comes will more than double by the year 2030” (Patz et al. (2005, p. 314) referring to
McMichael (2004)).

Especially developing countries are very vulnerable to the physical impacts of climate
change. On the one hand they are mostly located in geographical areas that will be
particularly affected by global warming and on the other hand their low income levels
aggravate their flexibility to changed conditions. Already urgent problems will further
intensify: heavy dependence on agriculture combined with low productivity, rapid pop-
ulation growth, concentration in slums; lack of good and in a sufficient extent provided
education and a poor health system. The United Nations (2006) estimate an increase
of the population in less developed countries (LDC) from 4.89 billion in 2000 to 7.84
billion in the year 2050, whereas the population in more developed countries (MDC) will
increase only from 1.19 billion in 2000 to 1.24 billion in the year 2050. As it can be
seen from these figures and in table 2, the worldwide increase in mankind mostly takes
place in LDC. At the same time the percentage of population residing in urban areas
increases. The strongest increase takes place in the least developed countries where ur-
banization increases at 65% followed by the LDC (39%). As pointed out, many cities
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Table 2: Prospected population in billion and percentage of population at mid–year re-
siding in urban areas.

Year World MDC LDC Least DC

2005 6.51 (48.7) 1.22 (74.1) 5.30 (42.9) 0.77 (26.7)

2010 6.91 (50.8) 1.23 (75.2) 5.67 (45.5) 0.86 (29.0)

2020 7.67 (55.1) 1.25 (77.8) 6.41 (50.7) 1.08 (34.4)

2030 8.32 (59.9) 1.26 (80.8) 7.06 (56.1) 1.30 (40.9)

Source: UN (2005) and UN (2006).
Population prospects are those of the medium variant. Degree of urbanization is written in brackets.
Definition of MDC, LDC and least developed countries are those of the UN.

in the less and least developed countries may be affected through global warming since
their infrastructure—e.g. access to clean water or sanitation—is very poor and they are
in danger of flood. Most cities moreover show a huge “heat island” effect (Patz et al. 2005,
p. 310), i.e. their temperature is 5 to 11◦C higher than the surrounding rural areas which
puts further pressure on the well–being of their citizens.

A “positive” aspect of global warming is a reduced need of energy use for heating in
winter. This advantage, however, is counteracted by the disadvantage of higher energy
needs used for cooling in summer—either because of higher average temperature caused
by global warming or because of the “heat island” effect. Since rivers also heat up, their
ability to cool nuclear power stations diminish and also generation of hydropower drops,
inducing a reduction in total energy production.

Transportation—and in the end trade—is affected through damaged infrastructure,
since storms may occur more often and getting also more powerful. Furthermore fierce
rainfalls may erode roads—especially if they are only poor mounted. Sea–borne trade
will be affected in many ways by global warming. On the one hand some trading routes
get safer, like Canada’s North West passage or new routes north of Russia may be navi-
gable, boosting trade between Europe and Asia, but on the other hand most routes get
riskier since heavy storms may appear more often and if the Gulf Stream weakens, ports
like Murmansk are no longer ice–free. Therefore it may be possible that overland trade
becomes more important.

Although absolute costs of extreme weather events will be much higher in developed
countries, their share of total GDP represent a greater proportion in developing countries.
Stern (2006, p. 131) extrapolates that by the year 2045, costs of extreme weather events
like storms, floods, droughts and heat waves could reach 0.5 to 1% of world GDP. Since a
huge part of spending is invested in construction of infrastructure in developed countries,
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Table 3: Summary costs of extreme weather events in developed countries with moderate
climate change.

Region Event Type Cause Costs as % of GDP

Global All extreme weather events +2◦C 0.5 – 1.0% (0.1%)

Hurricane +3◦C 1.3% (0.6%)
USA

Coastal Flood 1–m sea level rise 0.01 – 0.03%

UK Floods +3 to +4◦C 0.2 – 0.4% (0.13%)

Europe Coastal Flood 1–m sea level rise 0.01 – 0.02%

Source: Stern, 2006 p. 139
Numbers in brackets show the costs in 2005. Temperatures are global relative to pre–industrial levels.

these regions face higher costs. Table 3 summarizes the costs of special extreme weather
events on some regions in the developed world.

The most disastrous fate that can not be numbered in pecuniary terms some species
do face. Because they are not as flexible as mankind—in a certain degree—they are in
danger of becoming extinct. Stern (2006, p. 80) resumes several studies regarding this
topic. A warming of 1◦C endangers at least 10% of land species of becoming extinct; a
warming of 2◦C endangers 15% to 40% and an increase in global average temperature of
3◦C perils 20% to 50%.

However, at least huge efforts to reduce emissions have to be made to manage the after-
maths of the unavoidable climate change. To avoid the unmanageable there is collective
action required. Governments, corporations, and individuals must act now to forge a new
path to a sustainable future with a stable climate and a robust environment. As the
UN climate report states: “Humanity must act collectively and urgently to change course
through leadership at all levels of society. There is no more time for delay.” (UN, 2007,
p. 34).

Due to this pessimistic predictions many people in developed countries try to avoid
these consequences by changing their consumption behavior. Several examples of this
change (especially in policy) were given in the introduction. As a result the environmental
sustainability enters consumer preferences. One of the most important CO2 emitting
sectors is the energy industry. Our approach hence concentrates on consumption decisions
in the energy industry.
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3 The Model

We first develop a general model framework of an oligopolistic energy market in a de-
veloped country which imports some of the resources needed to generate energy, namely
fossil ones, from foreign countries. These countries can be developed or not, however,
in contrast to the considered country they have (natural) resources available (and also
at least enough to satisfy their own requirements). In the second step we simplify our
analysis by considering only a few resources and kinds of energy since we are interested
in qualitative rather than quantitative aspects and more countries and goods only affect
the latter.

3.1 Supply–Side

In the general case we have N resource categories. We order them in a way, that ensures
that its index represents its harmfulness for the environment. A lower value is associated
with a more environment-friendly resource and a higher value with a more polluting re-
source, i.e. the Nth resource is the most polluting one. You can think e.g. of ethanol,
natural gas, uranium and oil. Ethanol has a weak positive environmental balance, since
during its production more CO2 was absorbed than will be emitted during energy gen-
eration.5 Natural gas is a much cleaner energy than oil, and nuclear power almost does
not harm the environment but there is a small change of a maximum credible accident
which has to be accounted. This resources have to transformed into energy/ electricity.
We assume M kinds using at least two resources as inputs. Each kind will be produced
by a single firm that differentiates its product by its inputs (since electricity is the most
homogeneous product someone can think of). Again we order these products in a way,
that the higher the index value, the more it will harm the environment due to more ex-
tensive use of polluting resources. The Mth good therefore makes excessive use of the
most harmful energy input (i.e. the Nth one).

To keep our analysis as simple as possible, we assume a Cobb-Douglas-production

5This proposition crucially depends on several aspects. Efficient land use as well as the type or raw
materials, e.g. wood or corn, used for producing ethanol have to be considered. Pimentel (2003) points
out, that during production of ethanol more energy is required than is available in the energy–ethanol
output (about 29%, p. 128). Further negative consequences of ethanol production are an increasing
demand for corn, causing rising prices and a further deterioration of malnutrition. Farrell et al. (2006)
quote a better picture of the energy balance of ethanol production. Since co–products displace corn and
soybean meal in animal feed, a part of the energy needed for production of ethanol is offset, resulting in a
positive net energy balance (p. 506). As was mentioned above, better land use and also development of
better–suited high–yield corn can improve the energy balance of ethanol production, we justify ethanol
as an environmental-friendly resource.
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function,

Xi = Ai
∑N

j=1
z
γij

j , where
∑N

j=1
γij = 1. (1)

Xi represents the good produced with index i ∈ [1, ...µM, µM + 1, ...,M ] indicating the
number of the good and also its environment harmfulness. The produced goods can
be roughly divided into two categories: [1, ..., µM ] are environment-friendly goods and
therefore (1− µ)M are polluting goods. The inputs zj describe the resource categories,
with j ∈ [1, ..., νN, νN + 1, ..., N ]. Again two categories can be differentiated: regenera-
tive (environmental-friendly) resources, [1, ..., νN ], and environmental-harmful resources
(1− ν)N . We can identify further characteristics of these resources in the first stage,
since we assume that the regenerative ones are produced at home and the fossil ones are
imported from abroad. As a further specification of the production function, Ai, a Hicks-
neutral technology parameter, was included, but since we do not focus on technological
impacts in our further analysis, it is set equal to 1 for all i.

We assume that each good needs at least two different, but close-by kinds of energy,
therefore

{
γi(j+1) > 0|γij > 0 ∨ γi(j+2) > 0

}
. This assumption can easily be justified. A

gas–fired power plant can use natural gas as well as biogas6, but the use of uranium is
quite questionable. If we make the assumption stronger, we consider only the cases where
exactly two different, but close–by, inputs are used and so M + 1 = N , i.e. the number
of different energy kinds is larger by one than the number of resources.

3.2 Demand–Side

Since we consider energy as a differentiated product (this will especially become important
in the second period) it seems appropriate to model this in an oligopoly framework.
Although electricity and other energy markets were liberalized across Europe, oligopolistic
market structures still remain.7

According to Dixit (1979, p. 21) we define utility as8.

U (x1, . . . , xM) =
M∑
i=1

αixi −
1

2

(
M∑
i=1

x2
i + 2

M∑
i6=j

βixi

M∑
j 6=i

xj

)
+ x0, (2)

with xi representing the differentiated goods. x0 is a numeraire good, that is produced in a
competitive sector of the economy. Since it has been added linearly to the utility function,
6LNG may also be used, see IRL (2007).
7Bartholomae and Morasch (2006) analyzed the oligopolistic market structure in the German natural gas
industry. They used a similar approach they focused on collusive price strategies in that sector.

8This demand structure has been e.g. applied by Bandulet and Morasch (2003) to analyze incentives to
invest in electronic coordination
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marginal utility of the income is equal to 1. There are no income effects on the oligopoly,
which allows us to conduct a partial equilibrium welfare analysis. The parameters αi > 0

are measures of consumer preferences. The higher is αi (compared to all other αj, where
j 6= i) the more utility the consumer gains from a further unit of that good, i.e. the more
it prefers this energy to all other goods. In the first step of our model, the exact values of
αi are given. However, in the second period they are a function of average environmental
pollution (or at least the corresponding value reported to the public). The parameters
βi, with 0 ≤ βi ≤ 1, are measures of substitutability between the considered goods. The
higher is βi, the more a consumer is willing to change to another good, if the price of its
favored good increases. If βi = 1, the considered products are perfect substitutes, if β = 0

the considered good markets are independent of each other. We assume in our further
analysis the same value of β for all considered goods. Since the value of x0 does not affect
our analysis, we will skip it and hence equation (2) simplifies to

U (x1, . . . , xM) =
∑
i

αixi −
1

2

(∑
i

x2
i + 2β

∑
j 6=i

xixj

)
. (3)

From equation (3) we can derive with respect to the utility maximization problem of the
consumer the following inverse demand functions,

pi(x1, . . . , xM) = αi − xi − β
∑
i6=1

xj. (4)

Since we are interested in the price strategies of the oligopolistic producers, we have
to derive demand functions that give us quantities with respect to all relevant prices.
Straightforward calculations lead to

xi =
(αi − pi) [1 + (M − 2) β]−

(∑
j 6=i αj −

∑
j 6=i pj

)
β

1 + (M − 2) β − (M − 1) β2
. (5)

A closer look on (5) reveals some insights. For pi ≥ αi we get xi = 0. The demand for i
increases along a raise in αi and a decrease in pi. Maximum demand for good i results for
β = 0 (if

∑
p−i <

∑
α−i) and the according price equal zero. A higher substitutability

enforces competition and therefore decreases demand for a particular good as well as
higher preferences for (all) other good(s).

We assume constant returns to scale and therefore constant marginal costs. Since we
assume that there are only two close–by factors of production we can derive the following
cost function from profit maximization:9

Ci (xi) =
[
(γi/γi+1)

γi+1 + (γi/γi+1)
−γi
]
wγi

i w
γi+1

i+1 xi = cixi. (6)

9See e.g. Mas–Colell et al. (1995), p. 142.
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Regenerative energy resources are normally more expensive than fossil fuels, we can state
the smaller the index value of ci the higher are marginal and hence total costs of pro-
duction. The environmental most harmful resource should be less expensive than the
environmental friendliest one, i.e. ci > ci+1.

To determine equilibrium prices and quantities we have to derive the first–order condi-
tions of the profit maximization problem and solve them in the simultaneous move game.
After some tedious calculations we get the following equilibrium prices of i:

p∗i =
ϑρci + υαi −

[∑
j 6=i αj −

∑
j 6=i cj

]
ϑβ

ς
(7)

From (5) and (7) we can calculate equilibrium quantities,

x∗i =
ϑ
[
υ (αi − ci)−

[∑
j 6=i αj −

∑
j 6=i cj

]
ϑβ
]

(1− β)ςτ
(8)

with

ϑ = [1 + (M − 2)β] ς = [2 + (M − 3)β][2 + (2M − 3)β]

ρ = [2 + (M − 2)β] τ = [1 + (M − 1)β]

υ = [2 + 3(M − 2)β] + [(M − 2)(M − 3)− 1]β2

If β = 0 then equilibrium prices as well as quantities are independent of the number of
firms, M , and simplify to

p∗i, β=0 =
ci + αi

2
and x∗i, β=0 =

αi − ci
2

.

To ensure that all M firms produce at least non–negative quantities, we assume for every
firm ci < αi, or otherwise marginal costs would exceed the maximum willingness to pay
and negative quantities would be “demanded”. We further assume that an optimal number
of firms M∗ is determined considering first that a higher number of firms decreases each
αi according to the number of already active firms. As stated, each firm chooses a certain
energy technology relying on two resources. It may be also possible that substitutability
among those two resources is chosen, but we take technology for granted10. Second the
number of resources is limited to N . Therefore it is not possible for M to exceed N − 1.
Since the number of resources is quite constricted it is almost certain—at least in this
framework—that the latter condition is stricter and therefore binding.

10If firms do not research by themselves they only can use the existing, given technology.
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3.3 Average pollution

An important feature of our model framework is average pollution. After determination of
output we are able to calculate demand for the relevant input resources. Then we weight
the demanded quantities with their indices and calculate the average index representing
the average pollution. Formally we know,11,12

Dzi
= xi−1

[
(1− γi−1)wi−1

γi−1wi

]γi−1

+ xi

[
γiwi+1

(1− γi)wi

]1−γi

. (9)

If we consider the first resource, the first summand of (9) becomes zero since resource 1 is
only needed in the production of good 1. In the case of the Nth input resource, the second
summand becomes zero since it is only needed in the production of good M (= N − 1).
We are now able to calculate the index measuring average environmental pollution,

Ψ =

∑
Dzj

j∑
Dzj

. (10)

The higher the value of this index, the more pollution is caused by optimal consumption in
equilibrium. Logically the more energies with polluting input resources are demanded, the
higher is Ψ. If we insert (8) and (9) in (10) we see, that relevant parameters are resource
prices, preferences, technology and the degree of substitutability. However energy prices
and quantities demanded do not matter.

Whereas (10) is a measurement of overall average pollution in that economy (as far as
energy is considered), we need for the later analysis also an index of average pollution of
a special good. This index is quite similar to (10), therefore we use ψ to describe that
index for energy i,

ψi =
i [γiwi+1/(1− γi)wi] + (i+ 1) [(1− γi)wi/γiwi+1]

[γiwi+1/(1− γi)wi] + [(1− γi)wi/γiwi+1]
. (11)

Average pollution of i in (11) is independent of its output xi due to our assumption of
constant returns to scale, i.e. there is also a constant marginal rate of pollution. Since
technology and hence γi are given, average pollution only depends on the relative prices
of both its inputs. The higher the price of its less polluting resource compared to the
harmful one the higher will be average pollution of xi. A (relative) price decrease of
the lower indexed resource will decrease marginal pollution as well as in the end overall
average pollution.

11See e.g. Mas–Colell et al. (1995), p. 142.
12Our assumptions imply that the index of the produced good is equal to the index of the least environ-

mental harmful resource index used in production, i.e. i = j.
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3.4 Changing preferences

We are now able to show the effects of a changing demand in favor of cleaner energies
on consumption, profits and average pollution.13 In the first period, consumers do have
the same preferences for all energies, αi = 1 ∀ i, i.e. those part of consumers that prefer
environmental friendly energies would be, if prices were all equal, as large as the part of
society that prefers harmful energies. Demand for energies, however, will be different,
since prices are varying. Then the index of average pollution, Ψ1, is determined. This
information is revealed to the consumers in the second period. Since pollution and possible
fatal consequences decrease utility14, preferences are a function of average pollution,

αi, t=2 =

[
1 + ξ

(
Ψ1 − ψi

Ψ1

)]
αi, t=1, (12)

If average pollution ψi of that specific good i is below the overall average pollution index,
Ψ1, preference in favor of this good will increase, otherwise it will decrease. ξ is a sensibility
parameter measuring the fortitude of the effect. If people are rather unconcerned about
pollution, this value is close to zero. People are fully aware of pollution if ξ equals one.
Maybe ξ > 1, if we allow overreactions as people panic. Therefore demand for i in period
1 and 2 can be expressed in one equation, resulting from (8),

x∗i, t =
(1− ci) υ + ξt

(
Ψ1−ψi

Ψ1

)
(υ + ϑβ)−

[
1−

∑
j 6=i cj

M−1

]
ϑβ (M − 1)

(1− β)ςτ/ϑ
. (13)

To get the resulting demand in the first period we simply set ξt=1 = 0 and preferences are
not changed by pollution. In the same way prices are determined from (7),

p∗i, t =
ϑρci + υ + ξt

(
Ψ1−ψi

Ψ1

)
(υ + ϑβ)−

[
1−

∑
j 6=i cj

M−1

]
ϑβ (M − 1)

ς
. (14)

We are now able to analyze effects of pollution on equilibrium demand in period 2. If
average pollution of i is below the overall index Ψ1 demand for i increases. The extent
of increase depends on the difference between its pollution index and the overall one as
well as on the sensibility of the people towards pollution. Demand for xi depends also
on its marginal costs. If ci is below average marginal costs of all other firms, demand for
xi in general is higher than demand for x−i. However, since cheaper energies are more
polluting, there is an effect in the opposite direction via pollution. Therefore, energies
13The analysis of welfare effects is quite a difficult task, since we then had to compare two situations

with changed preferences—in the first period without and in the second period with consciousness for
the environment. To perform this, one must develop a weighting function, which can be a disputatious
undertaking. Since we focus one the environmental aspects, we will skip the welfare analysis.

14According to Sturm (2003, p. 136), this is a standard assumption in the literature.
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demanded more in the first period due to lower marginal costs of production now face
a reduced demand due to environmental consciousness. In the case of ξt=2 = 0 nothing
changes. The same is true, if there is only one type of energy available, since then there
is no possibility to switch to another one. If average pollution of a good happens to be
the same as the global index, demand for that good wont’t change, too.

Prices are affected in a quite different way. In the first place, prices are higher the higher
are marginal costs of production. Therefore in the first period environmental friendly
energies are more expensive than harmful energies, explaining their lower demand. In the
same way as their quantities are shifted upwards due to their positive—or less harmful—
effect on the environment, also prices rise and therefore some of the positive quantity
effects will be compensated. Prices of environmental harmful energies fall. This depicts
are clear picture of profits: Producers of clean, environmental friendly energies gain and
producers of noxious energies lose.

Now we analyze whether more competition due to more substitutable energies, i.e. a
higher value of β, helps or hampers the reduction of pollution. From (7) and (8) we see
that all parameters ϑ, ρ, ς, τ and υ increase in β (as well as in M , another source of
more fierce competition). This crucially depends on the ratio of marginal costs to average
marginal costs as well as on its average pollution compared to overall pollution (in the
second period). If marginal costs are much higher than average marginal costs, a more
fierce competition decreases demand or even drives the firm out of the market. However,
if this energy is quite environmental friendly, this can moderate or even reverse this
outcome. It therefore may be possible, that some energies that have not been demanded
in the first period can become attractive in the second period whereas extremely dirty,
but very cheap, energies lose much demand. Effects on prices are ambiguous. If marginal
costs are higher than average marginal costs prices of all types of energies will rise as β
increases. If marginal costs are lower than average marginal costs, prices of eco–friendly
energies rise whereas prices of harmful energies fall.

3.5 Trade Pattern

In the previous subsection we showed the effects of pollution on demand. However, al-
though changed preferences have a positive effect on environmental quality, increasing
prices counteract a further improvement. As we saw in subsection 3.3 a decrease in the
relative price of the environmental friendly resource compared to the harmful one can
reduce pollution, since profit–maximizing firms then substitute to the cheaper resource
(as long as the used technology allows it).

In his summary of conclusions, Stern (2006, p. ix) reasons that key elements of further
international policies should among others include technology cooperation and adapta-
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tion. Countries should boost their R&D efforts in the improvement of energy efficiency.
As an instrument of development policy, developed countries should raise development
assistance.

We argue, due to a higher endowment with (farm)land and—at least until now—better
climate conditions, many LDCs do have a comparative or even absolute cost advantage
in the production of raw materials like corn or sugarcane used to produce ethanol. How-
ever due to better infrastructure and a higher endowment with (human) capital, devel-
oped countries possess better and more efficient production technologies. Therefore they
can attenuate or even reverse their (absolute) cost disadvantage. If this technology is
transfered to less developed countries, at least three positive effects may arise: Prices of
environmental friendly energies will decrease since the LDCs are now able to show their
full potential. Furthermore via export of resources these countries are able to generate
welfare and finally poverty may decrease which allows a broader part of their population
to face the consequences of global warming. Average pollution in developed countries may
decrease further (additional to the changed preferences) due to a lower price of energy.

To analyze the resulting change in trade pattern of our suggestion, we consider demand
for resources as it was constituted in (9). We only need to consider demand for the first
and the Nth resource. This two resources mark the most extreme constellation possible.
All other constellations in between are moderate variations of our example. However,
since each of the two inputs are only demanded by one energy producer, (9) and (13)
simplify to15

Dz1 = x1 (w1, . . . , wN ,Ψ1 − ψ1)

[
γ1w2

(1− γ1)w1

]1−γ1
(15)

DzN
= xM (w1, . . . , wN ,Ψ1 − ψM)

[
(1− γM)wN−1

γMwN

]γM

. (16)

From (8) results that quantities of xi increase if its marginal costs decrease or marginal
costs of other firms increase. Marginal costs decrease according to (6) if prices of inputs
decrease. This effect will be the higher the more the resource, that is becoming cheaper,
is used in production. (9) shows that demand for special resource depends also on its
relative price compared to the other input. Hence a relative price decrease of a resource
will increase demand. This well–known relationship is now augmented with the changing
demand due to CO2 emissions. (15) and (16)—and also (13)—indicates that demand
for z1 and zN also depends on their average pollution compared to overall pollution.
Average pollution as it was defined in (11) is a function of input prices—a relatively
cheaper environmental friendly resource lowers marginal pollution. The same is true for
the general index, (10). A (relative) price decrease of an environmental friendly resource
15Please note that N − 1 = M .
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therefore works through two channels: On the one hand it decrease the price(s) of clean
energy(ies) and hence increases demand for them and on the other hand it lowers average
pollution of energy production. The first effect counteracts the price increase due to
pollution–induced demand shifts.

As demonstrated in our model, fossil resources were imported whereas regenerative
resources were produced at home. This was true for the first period, where preferences
were equally divided among all sorts of energy and demand for environmental friendly
energies were quite weak due to higher marginal costs of production. In the second period
the situation changes and clean energy got valuable. Price differences are no longer the
most important aspect of the decision. Home production is not as flexible as imports
especially of resource like ethanol etc., think e.g. of an increased demand during winter.
There are now two possibilities: either prices of home–produced regenerative resources
increase and nullify the positive effects on the environment or the country decides to
import the resources from abroad. As was mentioned above, LDCs may be quite inefficient
in production since eco–friendly energies are no longer niche–products, incentives raise to
ensure a long–term provision. Technology transfer helps boosting energy efficiency and
reducing production costs. Therefore the whole resource trade pattern of the developed
country changes: Demand for—and hence imports of—fossil resources drops, cf. (16), and
demand for regenerative resources, cf. (15) increase. Losers of this change are exporters
of fossil resources. Agricultural economies may gain since they now can specialize in the
production of regenerative resources like ethanol and generate gains from trade. Prices of
regenerative energies in developed countries drop and the pollution–decreasing tendencies
improve further—a win–win situation from trade.

4 (Trade) Policy Recommendations and Conclusion

As we have shown above there exists a situation where environment benefits from trade
by reason of the depressant effect on prices triggered by the integration of LDCs in trade.
The Stern Review as well as the UN climate report state that technology transfer to LDCs
and thus an access to clean, sustainable and affordable energy plays a key role in the aim
to reduce the emission of greenhouse gas and CO2. A positive “side effect” lies in the fact
that economic growth will be accelerated and therefore negative effects like migration will
be reduced (UN, 2007, p. XIII; Stern, 2006, p. ix)).

But this holds only if the LDCs produce the regenerative resource as sustainable as
possible. Since the more lucrative alternative use of agricultural products as production
factor of energy resources emerges, prices rise. This may and does lead to famine and
hence counteracts economic growth.
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Another threat emerges if the production of regenerative energy resources will not be
as eco–friendly as expected in our analysis. Estimations state that about 15 to 25% of the
rise in the average temperature are due to deforestation and other land–cover change (UN
2007, p. 10 ff). There are several reports that refer to deforestation because of cultivation
of agricultural products used as energy resource (Oehrlein 2007; Holt–Giménez 2007).16

Greenpeace argues that the whole saving in CO2 emission by using regenerative energy
will be exhausted if only 5% of the bio fuels would be produced by destroying existing
tropical forest. Additional harm emerges as a result of the use of fertilizer on crude oil
basis.

However, these arguments only hold if the regenerative resources are not produced in
a sustainable and ecological way. The main reason for this erroneous trend lies in the
higher production costs for sustainable cultivation. Therefore on a free market without
regulation, the harmful produced regenerative resources would crowd out the environment
friendly produced ones. Furthermore the consumers in the developed country hardly can
assess the environmental track record of the used resource.

Hence it is of vital importance for the aim to face the climate change that the LDCs
produce the imported resources in a sustainable way. Therefore several (trade) policy
measures have to be taken into account.

Technology transfer and development assistance could be bound to environmental obli-
gations that have to be fulfilled by the governments of the LDCs. This possibility requires
enormous control costs and may not be feasible because of the widespread corruption in
many of the LDCs. Additionally, it does not seem fair to prosecute the whole country for
the undesirable actions of some racketeers.

A mere market solution would be a voluntary certification of the input factors analo-
gously to the practices in the food industry. Again a problem caused by enormous control
costs and corruption can emerge. Another point is that the consumers cannot assess the
authenticity of such certificates.

There are also some possible (trade) policies to impede the unwished effects of trade inte-
gration via prices. It is straightforward to apply at the prices, because the non–sustainable
production of regenerative resources is less expansive and produces huge negative external
effects. If this external effects would be internalized sustainable production would have
at least equal opportunities as the non–sustainable one. Actions the governments of the
LDCs have to implement like direct taxes depending on the ecological damage of produc-
tion or subsidies for sustainable production should prevail. But the effect of this policies
is dependent of the local governments. Hence it appears more feasible to implement indi-
16It also worsens the situation of endangered species, see e.g. the deforestation in Indonesia in order to

produce palm-oil. Oil–palm plantages increased from about 3 to 6.4 mio. hectars since 1999, destroying
irretrievably the rainforest (Germund, 2007).
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rect taxes on the consumption of polluting resources—or subsidies for non polluting ones
or a mixture of both—in the developed countries. Polluting resources then include fossil
ones as well as non sustainable produced regenerative ones. The resultant adaptation of
the gross prices allows a full internalization of the negative external effects and therefore
equal opportunities for non polluting energy resources. A policy mix of taxes and sub-
sidies could be even self–financing. The effect on average pollution is straightforward.
The (relative) prices for polluting resources will increase, while the (relative) prices for
non polluting ones will decline. As demand depends (amongst others) on prices, average
pollution will decrease.

5 Conclusion

Emission of greenhouse gas and CO2, and especially the fatal economic consequences
of the caused global warming, is one of the most actual topic all over the world. The
commonly accepted pessimistic scenarios will alter the preferences of those consumers
who are confronted with it day by day.

We developed a simple model to evaluate the consequences of such a change in pref-
erences on demand, the market structure and on (average) pollution. Afterwards we
analyzed the results of a change in trade pattern, i.e. an integration of LDCs in trade of
(regenerative) energy resources and derive some policy recommendations.

We find that a change in preferences in favor of eco–friendly goods will reduce demand
for polluting and access demand for non–polluting goods as supposed. It results that
prices of environment friendly goods will rise and counteract the positive effect of altered
preferences on average pollution. An integration of LDCs in trade will lead to an increased
supply and will therefore have a depressant effect on prices of the non polluting goods.
Therefore trade (in absence of pollution by transport etc.) has a positive effect on average
pollution.

This result holds only if the regenerative resources are produced in a sustainable way.
As there are lower costs for non sustainable production and market failure is possible,
this can only be ensured if suitable policy actions are taken. A self–financing mixture of
(indirect) taxes on polluting and subsidies on non polluting resources at the consumption
side seems to be the most appropriate solution. However, the goods have to be classified
by their total environmental track record. The very best solution would be a market
solution like tradable certificates on CO2 and greenhouse gas emissions as already existing
in Europe. Unfortunately there is a sizable lack of needed infrastructure for implementing
such policies.
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